Combination of full-vector finite element method with anisotropic perfectly matched layers results in a novel structure of low-dispersion photonic crystal fiber with high birefringence. The negative dispersion can be obtained at a wavelength of 1.55 μm by adjusting the lattice constant Λ and the round air hole diameter d. Numerical results show that the dispersion variation is negative in the C band, the dispersion slope values are between 0.112 and 0.142 ps·km -1 ·nm -2 over the C band, and the birefringence is 5.7 × 10 -3 .
. Modal birefringence in these PCFs has been predicted to have values an order magnitude of 10 -3 higher than that of the conventional HB fibers (10 -4 ) [5] . To our knowledge, the key point in realizing the birefringence is to destroy the symmetry of the fiber structure and increase the effective index difference between the two orthogonal polarization modes [6] . According to previous researches, highly birefringent PCFs can be obtained by breaking the circular symmetry implementing asymmetric defect structures such as dissimilar air hole diameters along the two orthogonal axes [7, 8] , asymmetric core design [9, 10] and by replacing the circular holes with elliptical ones in the cladding [11, 12] and squeezed hexagonal lattice PCFs [13] . Another kind of highly birefringent structure reported is a square lattice PCF [14] . According to the symmetry theory, the rectangular lattice is potentially more anisotropic than the triangular and honeycomb lattices [14, 15] . The design of a simple PCF structure with low dispersion and high birefringence characteristics is an ongoing challenge. Taking all the above circumstances into account, in this paper, we propose a novel PCF, in which the fiber includes a solid silica core and a cladding with rectangular lattice elliptical air holes along the fiber length. The design is validated using an efficient full-vector finite-element method (FV-FEM) with anisotropic perfectly matched layers (PMLs) for accurate modeling of PCFs [3, 16] . As shown in Fig. 1 , the structure of PCF studied here has a transverse section consisting of four elliptical air holes. The whole fiber is based on pure silica, and all air holes are arranged by using square lattice structure along the fiber length, and a central air hole is eliminated to form a light propagation region. It is characterized by the lattice constant Λ, the elliptical air hole major axis a and minor axis b, and the round air hole diameter d. It is defined as h = b/a. In our work, the refractive index of the air hole is n 0 = 1, and the refractive index of the silica background is n = 1.45.
The cross-section of the PCF is divided into homogeneous subspaces, where we employ the FEM to solve Maxwell's equations by accounting for the adjacent subspaces [3, 16] . Following vector wave equation is derived from Maxwell's equations by employing anisotropic PMLs [3, 16] 
where k 0 = 2π/l is the free-space wave number, l being the wavelength, E denotes the electric field, n is the refractive index, [s] is the PML matrix, and [s] -1 is an inverse matrix of [s] .
Waveguide dispersion of optical fibers is a major factor causing optical pulse spreading. Once the modal effective indexes n eff are solved, the waveguide dispersion parameter D w (l) can be obtained [17] 
where c is the velocity of the light in a vacuum, l is the wavelength of the light. Our design procedure is based on the possibility to approximate the real dispersion D(l) by a sum of the waveguide dispersion (or geometrical dispersion) D w (l) and the material dispersion D m (l) [18] 
The material dispersion can be obtained directly from the three-term Sellmeier formula, while the waveguide dispersion can be calculated as in Eq. (2). In order to obtain total dispersion, from Eq. (3), if we are able to design the PCF in such a way that it can exhibit a waveguide dispersion nearly opposite to that of the material dispersion, namely D w (l) ≈ -D m (l) over a finite number of frequencies [19] , we can partially fulfill the nearly-zero dispersion requirement.
The dependences of D w (l) are plotted on various incremental values of the design parameter of the proposed PCF, as in Fig. 2 . Figure 2(a) shows the D w (l) curves by fixing h = 0.5 and d = 0.7 μm, while changing Λ from 1.2 to 1.4 μm in step size 0.1 μm. It can be seen from Fig. 2(a) that the proposed PCF has a negative dispersion parameter and a negative dispersion slope in the wavelength range around 1.55 μm, which demonstrates an excellent dispersion compensating property. The value of D w (l) decreases gradually with wavelength in a shorter wavelength, and increases gradually in a longer wavelength range, owing to the fact that the air hole function decreases with an increase in Λ. Meanwhile, the minimum dispersion wavelength has a blue shift with an increase in Λ. The D w (l) decreases gradually with the wavelength as well as shows up-shift with the increase in Λ. Here, in order to obtain better dispersion compensating, we have fixed Λ at 1.2 μm.
In addition, Fig. 2(b) shows the D w (l) curves by changing d from 0.7 to 0.8 μm in step size 0.05 μm by fixing Λ at 1.2 μm and h at 0.5. Figure 2(b) shows that the proposed PCF has a negative dispersion parameter and negative dispersion slope in the wavelength range around 1.55 μm, and the value of D w (l) decreases gradually with wavelength, while the value of D w (l) increases with increase in d. Meanwhile, the minimum dispersion wavelength has a red shift with an increase in d. Analyzing Figs. 2(a) and (b), it is understood that the proposed PCF has optimal dispersion curves and better dispersion compensation when the fiber parameters are optimized as follows: Λ = 1.2 μm, d = 0.7 μm, and h = 0.5.
The sum of the PCF can, thereby, be altered to obtain the total dispersion profile [ Fig. 3(a) ]. For convenience, the total dispersion is calculated using Eq. (3), but written in a slightly different form as follows:
In Fig. 3(a) , the curves corresponding to the D w (l), the sign-changed -D m (l), and D(l), are represented in triangular sign, square sign and black circle sign, respectively. According to Eq. (4), the black circle curve corresponding to D(l) is obtained by subtracting the values of the square curve from the triangular one. As it can be observed, the total dispersion is -7.04 ps·km over the C band, as shown in Fig. 3(b) . Birefringence is defined as a difference between the real part of effective refractive indices of x and y polarized fundamental modes and can be expressed as [20] = − λ λ λ are effective refractive indices of two orthogonal polarization fundamental modes.
In Fig. 4 , the calculated fundamental mode birefringence as a function of the wavelength l has been plotted, for the optimized design parameters. It can be observed that the birefringence is about 5.7 × 10 -3 at the wavelength of 1.55 μm.
In addition, from the electric field distribution of the fundamental mode in Fig. 5 at the wavelength of l = 1.55 μm, we can observe the strong confinement of light in the core of the PCF.
We demonstrate a novel-type low-dispersion PCF with high birefringence. By tuning the pitch and hole size, it is demonstrated how the dispersion of the fiber can be designed and fibers with positive as well as near-zero dispersion slope are fabricated. When the parameters of the proposed PCF are optimized to be Λ = 1. 
